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ABSTRACT. The Oriented ScintillationrSpectrometerExperiment (OSSE) on the
COMPTON Gamma RayObservatory has undertaken comprehensive observations of
many galactisourcessince launch in April991. Thesenclude investigations dbinary

X-ray sources, pulsarsseveral transient X-raysources observed as Targets-of-
Opportunity, and Nov&ygni 1992. Multiple observations ofhe galactic center region

were undertaken taonap the diffuse galactic emissiomnd study theseveral discrete
sources in that region. An overview of the galactic source observations and selected
results are presented.

1.0 Introduction

The OSSE instrument on tOMPTONObservatory mission has been used to undertake
observations of a variety of galacsiources. OSSE covers the energy rdrga 50 keV

to 10 MeV (see Johnson et al. 1993 for a detailed description @fSB&instrument).
The field-of-view of the OSSE detectors is large: 8.8 11.£ FWHM. This is a
compromise between amall field-of-view that is bettesuited for discrete source
observations, and a large field-of-view thapigferred for study of thdiffuse emission
from the galacticplane. Kurfess et al1993) presentegbreliminary results of OSSE
galactic source observations,

OSSE observationsormally consist of 2-3 weekiewing periods (VP) duringvhich the
observatory wasnaintained in a fixecrientation ininertial space. This strategy was
implemented in Phase 1 ¢fie COMPTON mission to enablehe largefield-of-view
EGRETand COMPTEL instruments to carout a complete sky survey.The plan was
followed from the start of thescience program iMay 1991 through March 1992, at
which timethe failure of the observatory tape recorders forcecbaversion to reaime
dataacquisitionthough the TDRSystem. To make up fdine limited real-timecoverage
through TDRS, most viewing periods for the remainder of Phagerd extended to three
weeks. Until recently, TDRS providedabout 65%real time data coveragewhich
included both OSSE spectraind high time resolution data. Iraddition, since March
1993, storage oR-minute spectra in on-boarenemory duringperiods of no TDRS
coverage has significantly enhanced the total spectral coverage for OSSE sources.



2. Transients

OSSEnhas been used tmndertake observations of several transgenirces as Targets-of-
Opportunity. These have often follow#ite detection by BATSE of a galactic source
which has gone into outburst. These sources include GX 339-4, 4U 1543-47, X-ray Nova
Per = GRO J0422+3and GRS 1008-57. GX 339-4 isweell known transient X-ray
source andblack hole candidate which exhibhard and soft spectral stat@snilar to Cyg

X-1, and QPO behavior. ThOSSE observations of GX 339-4 adiscussed by
Grabelsky et al(1993). Inthis paper, wediscussthe OSSE observations of GRO
J0422+32.

GRO J0422+32 was discovered by BATSE in August, 1992 (Paciesas et al. 1992) and is
the strongest galactic source observed by OSSE at 100 keV. vis&ithe source for

34 days spanning the period 11 Aug 1992 - 17 Sep 1992. The source reach@uanm
intensity ofabout 3X Crabshortly after thestart of the OSSBbservations, and then
decreased imntensity with an[40-day e-folding time. The energpectra obtained by
OSSE aregenerally thermal imature, and arevell described by optically thin thermal
bremsstrahlung spectra with a kTCdfOO keV. Two spectra are shown in Figure 1 for
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Figure 1. OSSE spectra for GRO J0422+32 from the first 16 days the
observation (upper spectrum) and the last 18 days of the observation
(lower spectrum). The spectrum hardens as the intensity decreases.

thefirst 16 days anthe last 1&lays ofthe OSSE observations. Itgeen that the spectra
harden with time, i.e. athe intensity ofthe source weakens. ©pecial interest is any
evidence for persistent ime-variable annihilatiomadiation such as has bessported by

the GRANAT/SIGMA experiment for Nova Muscae (Sunyaev et al. 1992; Goldwurm et



al 1992) and 1E 1740.7-2942 (Bouchet et1891). The OSSE data dwt show any
clear evidence for such features, witHimit relative tothe continuum emissiori 100
times less than the Nova Muscae line feature.

Grove et al(1994)have presentegreliminary timing analysis ahe OSSE data on GRO
J0422+32. Ifh time resolutiondata were collectewith 8-ms samples ifive energy
bands betweenB5 and600 keV. Figure 2 shows tm®rmalizedpower spectratiensity
functions inthe 35-60 keV and the 75-175 kd¥ands forthe entireOSSE observation.
The totalfractional RMS variation betwedh01 Hz and 60 Hz i840% in the 35-60 keV
band and B0% in the 75-175 keWand. This isimilar tothe large variatiomeported by
ROSAT in low energy X-rays (Pietsch et #093). Grove eal. (1994) lave modelled

the power spectra dsingcomposed otwo classes of randomlgccurring shotswith
characteristic e-folding times @b0 ms and 2.2 secondsind an additional component
which produces theQPO-like peak a0.23 Hz. Theprofile of the noise peak is rather
broad compared to QP@henomena observed in LMXRB's and this component accounts
for an RMS variation ofbout 10%. Preliminary analyses dhese data indicate that the
fractional RMS power from the sourceincreases ashe source strength decreases.
However, thefrequencies othe peaked "QPO" component and the breaks in the power
spectra near 2 Hz and 0.04 Hz not change with thevsarying intensity ofthe source.
More detailed modelling of the OSSE data are in progress.
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Figure 2. Normalized power spectra for GRO J0422+32 in 35-60 keV
(upper) and 75-175 keV (lower) bands. Model fits (solid lines) to the
75-175 keV band includes exponential shots with lifetimes of 50 ms
and 2.2 sec.



3. Cyg X-1

CygnusX-1 has been observed frequently during Phase 1 and Phasheé2C&dMPTON
mission. Significanexposure was obtained duringgwing periods 2, 15, 203, 209 and
318.1. Morelimited exposures were acquired during VPR212, 221, 223, and 303.4 All
of the Cyg X-1 observations occurreghenthe source was near its lowiatensity levels
by historical standards. The spectrum is observed up to energibeuwdf800 ke\and is
well represented by aaxponentiallycut-off powerlaw with corrections for compton
reflection from cold gagPhlips et al1994). Similar fitsare also found for thether Cyg
X-1 observations (Grabelsky et al. 1993).
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Figure 3. Daily 45-140 keV intensities from  basis for all Cyg X-1 observations.
Cyg X-1 observed by OSSE. Viewing periods The data are consistent with no
are labelled. Note that the time axis is not MeV feature. The intensity of the
continuous.y1 andyy states defined by line reported by Ling et al. (1987)
Ling et al. (1987) are show. is shown.

In June, 1993 BATSE reported (Harmonaét1993) a decrease in thgensity of Cyg
X-1 which corresponded to a transitidrom the yp state to theyq state. These states
were defined by Ling et al(1987) who hadreported a strong, broad Me&mission
associated with the lowntensity y1 state observed by the HEAO C1 spectrometer in
1979-1980. Suckmissionwould be additional evidence for copiopoduction of &e
pairs in certairstates of accretioanto galactidblack hole candidates. Figure 3 shows the
45-140 keVintensity of CygX-1 for all of the OSSE observations, togethath the yq
and yo levels. The OSSE data show graduatensity changes and no clear bipolar
intensity levels whictwould clearly beattributed todifferent states. Many of the OSSE
observations have been at intendityels which are similar to the HEAO yq level,
including the observations in June, 1993. Wa/e seen no evidender excess MeV
emission similar to thateported byLing et al.(1987) inany ofthe OSSE observations.
Figure 4 shows the distribution of MeWhtensity levelsabove a besfit thermal



bremsstrahlung spectrum and a comparison thiéhMeV flux reported byLing et al.

(1987). If the lowintensity ofthe hard X-rayemission istaken as evidence for thg

state with an accompanying MeV emission, the MeV component should have been present
at levels ten times above the OSSE limits.

4. Cyg X-3

Cyg X-3 was observed during the fouewing periods VP 2, 7, 18nd 203.3. The VP 7
observation was undertaken as a Target-of-Opportdailywing a major radio flare
(Fiedler 1991) peaking at 17 Jy, whiclccurred inJuly 1991. This major flare was
preceded by amaller (5 Jy) flare in late Jud®91. The VP 2 OSSE observatiended
about one week prior to the precursor flare and the VP 7 observations ochuingcthe
decay phase dhe major flare wherthe radioemissionhad declined to below 2 Jy. The
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Figure 5. Daily average 47-120 keV intensities for

four OSSE observations of Cyg X-3. The inset shows an
expanded view of the decrease observed during VP 2. The
2.25 Ghz radio flux is also shown for temporal comparison
with the decrease in intensity in hard X-rays.

OSSE data provided the opportunityitwestigate anyotential correlation between the

radio flaring and the high-energy gamma-ray emission. Preliminary analyses of these data
are reported by Matz etl. (1994a). Figure 5 shows théme history ofthe hardX-ray

flux during the period of time covering the three OSSE observations. A dramatic decrease
in the gamma-ray emissiomas observed during the VP 2 observation (prior to the
precursor radio flare), dropping by a factor of three or more in a perivdoalays. The
intensities during each dlfie latter observationsyhich occurredduring thedecay phase



of the radioflare and during @adio quiet period respectivelwere higher andrelatively
constant. The spectrum @fyg X-3 during the lowintensity state was considerably
harder ¢ = 2.2:0.4) than the spectrum in thegh intensitystate ¢ = 3.0+0.1). It is not
clear whether there enyconnection between tlgamma-ray variability akerved and the
radio flaring. It is most plausible thatradio flaring would be delayed fronthe higher
energy activity, which is presumably indicative rbcessesnuch nearer to the central
compact object.

5. Galactic Center Sources

The galactic center region was observed for a total of 17 weheksy Phase 1 of the
mission. These observations have several objectives, including méppidigtribution of

the 0.511 and 1.809 Me¥mission, mappinghe diffuse galactic continuunemission

which is primarilydue to contributionfom electron bremsstrahlung and invecsenpton
scattering by cosmic ray electrons, searchiorgevidence ofvariablepoint source(s) of

0.51 MeVemission, andhe detection and study other discretdow-energy sources in

the region. Purcell et al(1993a, 1993b, 1994)iscusshe galactic center observations in
some detail and give the OSSE results on the 0.511 MeV emission. Here, we comment on
the status of discrete sources in the region.

The galactic center observations were undertakenseithral different position angles of
the OSSE 38x 11.4 collimators withrespect to the galactilane(see Purcell et al.,
1993b, for details). At low energies, tlehallengefor the OSSE team is to extract the
diffuse and discreteomponents in a region where thereassiderablesourceconfusion.
The approach for doing this is to undertake scanbeofegion aseveral position angles.
Analysis ofthe data iscomplicated by the transient nature roény ofthe hardX-ray
sources in the region. To assisttims task, wehave undertaken several correlative
observations with the GRANAT/SIGMA experiment. SIGMA can obtain hard X-ray and
low-energy gamma-ray imagdsjt at asensitivity which isabout 5Stimespoorer that the
OSSE limiting sensitivity. Nevertheless, undertaking jamdlysis othese data iproving
very beneficial. Wenticipate reportingoon on thdirst observations othe diffuse low-
energy gamma-ray spectrum frdire galactic center region which contributionsfrom
simultaneous observations of discrete sources have been subtracted.

Jung et al. (1994ajeport preliminary results for several ofhe sources in thgalactic

center region. Thesanalysesisescanning techniques to "magiie diffuse anddiscrete
sources in the galactic center region, and a background prediction technique to assist in
estimatingthe background spectra fany giventwo-minute observation interval based on

a global model of the OSSE instrument background and its time variations.

OSSEhasdetectedseveral galactic centsourcesjncluding GX 1+4, 1E 1740.7-2942,
GX 354+0, and GRS 1758-28. Thdwseveall been confirmed as SIGM#ourcesluring
several ofthe joint observations. Of particular interese thegamma-rayspectra of the



sources 1E1749.7-2942 and GRS 1758-28, eaclhath has beerassociated with a
compact radio sourcevhich hasopposing jets of radi@mission extending from the
compact source. These objects appear tdstadlar'-sized versions of active galactic
nuclei, and are thought to harbor several solsalack holeslE1740.7-294has been
the object ofconsiderable observation and theoretical intefeltwing the report by
SIGMA of an intenseemission of red-shifted annihilatioadiation during an outlvst in
October, 1990. (Bouchet at. 1991) Asimilarenhancement ithe 200-600 keMlux has
beenreportedduring September1992, although of loweintensity and abnly the [4c
level (Cordier et al.1993). During this latteroutburst, OSSEhad a simultaneous
observation, and doe®t confirm the reportedncrease in intensity ( Purcell et al. 1994;
Jung et al. 1994b)This raises some questiabout the reported outbursts of brdme
features near 0.5 MeV feeveral galactisources, andaisesthe importance oproviding

a positive observation withigh significance. Talate, OSSHas acquired in excess of
100 days of observing time otine galactic center regiomcludingthe 1E 1749.7-2942,
and hasot olservedsignificanttransient line features preliminarydataanalysis (Purcell
et al, 1993b)

For the OSSE datayeliminaryspectra of théndividual sources haveden obtained. The
quality of these results M/ continue to improve ashe mapping studies provide an
improved distribution othe diffuse hard X-ray continuum, thereby permitting improved
extraction of the discrete source contributions.

6. Pulsars

OSSE has detected three radipulsars in the low-energgamma-ray bandthe Crab
Pulsar, the ¥la Pulsar an?’SR 1509-58. Fqoulsar observation€)SSE was operated
in either an event-by-event mode orade mode to acquirdigh timeresolution data. In
the event-by-event mode the throughpuinmted to about 200 counts/@nd this restricts
the energy rangevhich can be investigatedhe time resolution is eithet/8 ms or 1 ms.
In the rate moddgroadband rates can be acquired in up to eight energy batids, best
time resolution of 4 msFor observations of the Crab pulsar and pulsars gothparable
or shorter periods, thevent-by-event mode is require@reliminaryresults for theCrab
pulsar were presented Wimer et al.(1992) and spectral and temporal results wailid
appear shortly (Ulmer et al. 1994).

OSSE observations of theela Pulsar have providetie first detection of low-energy
gamma-ray emission from thabject. The OSSE datavhen compared witlthe high-

energy gamma-ray spectrum, requires a spectral break in the 1-10 MeV region. Strickman
et al. (1993) discuss the results and implications of this detection.

PSR 1509-58, a radio pulsaith a period of 150ms, was firstdetected by BATSE
(Wilson et al.1992) in the low-energgamma-ray region, and subsequently observed by
OSSEduring VP23. The OSSEbservations show a clear detection in the 50 keV to 1



MeV region (Matz et al 1994b). The spectrumvell represented by a powkw with a
spectral index of 1.69.08.

Geminga has recently been found tdbbéh an X-ray pulsar (Halpern and Holt 1992) and
a gamma-ray pulsgBertsch et al1992). OSSE observademingafor a total of three
weeks in Phase 1; however, we haetfound clear evidence for a pulssignal. OSSE
limits indicate thatthe spectral break required by a comparison of the X-rayhayd
energy gamma-ray fluxes must occur above 1 MeV. sirhdarity between the X-ray and
high-energy gamma-ray signatures of Geminga &mel Vela pulsar suggestghat
additional observations of Geminga may lead to a positive detection by OSSE.

OSSE datéhave been used to searidn gamma-ray emission from severalllisecond
pulsars with known periodsncluding PSR 1957+20 and PSR 1937+21. W& no
evidence for gamma-ray emission from either object.

7. Other Galactic Sources

Severalother galactic sources that OS8&s observed in Phase 1 includeva Cygni
1992, and WR 140.Leising et al.(1993) present upper lita to the OSSE search for
22Na emission fromNova Cygni. Additional observations of thisource arebeing
undertaken during Phase 3 due to the loalf life of 22Na and thepossibility thatNova
Cygni 92 was still optically thick to gamma rays at that time thfe OSSEobservation
(Starrfield et al 1993)

Hermsen et al(1994) havereported evidence for havdray emission from WR140, a

Wolf Rayet star in a long period orbit with another supergiant. The hard earsgion

could originate from electrons accelerated by shockkearinteractingvinds ofthe two

stars during periastron passage. Confirmation of this hypothesis will be strengthened if the
emission isnot olserved in a future observatiomell removed from periastron in the
system's 9-year orbital period.

8. Summary

OSSEhas undertaken dedicated observationevefr 30 galactic sources during tirst

two years of th€ OMPTONmMmission, detectingbouthalf of them.. Several of the$mave
been Targets-of-Opportunitipllowing initial discovery byBATSE, demonstrating the
complementannature of the GRO instruments. GRO J0422+32, a transiacit hole
candidate was the strongest source observedS$§E at 100 ke\And excellent spectral
and temporal observations have bgeasented. OSSBkas also observed pulsars, the
Vela pulsar andPRS 1509-58previouslyundetected in low-energyamma rays. During
Phases 1 and 2, ttiple observations were devoted to the galactic center region in
support of anumber of scientific objectives. Sevesalurces in the galactic center region
have been observed, and we anticipate provittiadrst results orthe diffuse continuum



emission inthe low-energygamma raygor which point source contributioneave been
subtracted.

This work was supported under NASA DPR S-10987C.
REFERENCES

Bertsch, D., et al., 1992, Natu)8 306.

Bouchet, L., et al., 1991, Ap. J. Le®83 L45.

Cordier, B. et al., 1993, Astron. & Astrophys., 275, L1.

Fiedler, R., 1991, private communication.

Goldwurm, A., et al., 1992, Ap. J. LetB89, L79.

Grabelsky, D. A., etal., 1993, AIP Conference Proceedi&f%,345.
Grove, J.E., 1994, Proc. Secdd@MPTONSymp., in press.
Halpern, J.P., and Holt, S.S., 1992, Nat3&/, 222.

Harmon, B.A,, et al., 1993, IAUC 5813.

Hermsen, W., et al., these proceedings

Johnson, W.N., et al., 1993. Ap.J. Sui@,693.

Jung, G.V., 1994a, Proc. Seccd@®MPTONSymp., in press.

Jung, G.V., 1994b, to be submitted to Ap. J. Lett.

Kurfess, J.D. et al., 1993, AIP Conference Proceedz@®f%,303.
Leising, M.D., et al., 1993, AIP Conference Proceedi2§6, 137.
Ling, J.C., et al., 1987, Ap.B21, L117.

Matz, S.M., et al., 19944, to be publ. in Proc. of The Evolution of X-Ray Binaries.
Matz, S.M., et al., 1994, accepted for publication in Ap. J.
Paciesas, W.S., et al.,1992, IAUC 5580.

Phlips, B. et al., 1994, to be submitted to Ap. J.

Pietsch, W., et al., 1993, Astron. & Astrophy/3 L11.

Purcell, W.R., et al., 1993, AIP Conference Proceedi2g3,107.
Purcell, W.R., et al., 1994, Proc. Sec@@dMPTONSymp., in press
Purcell, W.R., et al., 1993, Ap.J.Le#t13 L85.

Starrfield, S., et al. 1993, AIP Conference Proceedi?83,167 .
Strickman, M.S., et al., 1993, AIP Conference Proceed&§%,209.
Sunyaev, R., et al., 1992, Ap.389 I75.

Sunyaev, R., et al., 1991, Astron. and AstropI4r7, L29.
Ulmer,M.P., et al., 1992, Pro€COMPTONODbservatory Science Workshop, 253.
Ulmer, M.P., et al., 1994, accepted for publication in Astrophys. J.
Wilson, R.B., et al.,1992, IAUC 5429.



